good correlations were found between exposures determined by air sampling and fibre burdens determined by analytical electron microscopy.2" Futher, patterns from laboratory to laboratory between fibre burden and specific disease type are quite reproducible. All of these findings provide support for the fundamental intralaboratory accuracy of this type of analysis.
What the problems with interlaboratory differences do indicate is that a single value from a particular laboratory is, in itself, meaningless. Each laboratory must generate its own set of standards including background population ranges for dealing with individual cases. For examining series of cases, some sort of case-control protocol may be preferable. And to make sense of the relation of fibre burden and disease, one must look for systematic variations in fibre parameters from disease to disease among different laboratories.
One of the surprising observations to emerge from analysis of lung asbestos content is that, compared with amphiboles, chrysotile is retained poorly in lung tissue. The reason for this phenomenon is argued,5 but what this process means in practice is that substantial chrysotile exposure may be missed if fibre analysis is the only way of determining exposure (history helps a lot, of course!).
To some extent tremolite, which contaminates most chrysotile ores, and which, like all amphiboles, readily accumulates in the lung, can serve as a measure of the missing chrysotile. This subterfuge works well in chrysotile miners,67 in whom the tremolite content of the lung usually greatly exceeds the chrysotile content, and in chrysotile textile workers, another group in whom the chrysotile used appears to contain some reasonably consistent amount of tremolite. In other end users of chrysotile products, however, the amount of tremolite seems to be variable6 and tremolite concentration may not provide a guide to past exposure.
Measurements of fibre size can be helpful in this regard. Exposure to commercial chrysotile products leads to the inhalation of long fibres8 whereas the numerous fibres present in urban air are very short. We found that the presence of chrysotile or tremolite fibres longer than 8 pm was highly specific for occupational chrysotile exposure. 6 Conversely, an analysis that shows only very short chrysotile or tremolite and no commercial amphibole (amosite or crocidolite) is strongly suggestive of either background ambient air exposure or contamination of the specimen from chrysotile in air or water during preparation.
Some have chosen to view the problems with chrysotile retention as a reason to reject totally the usefulness of mineral analysis for investigating the relation between specific fibre types and disease.9 But to me the conclusion to be drawn is simply that fibre analysis, like any technique, has methodological limitations, and that to obtain useful results, considerable care must be exercised in the selection of worker groups for evaluation; if this is done correctly, then consistent correlations emerge (see later).
Despite these limitations, analysis of lung asbestos content has led to some interesting findings. Firstly, is the realisation that everyone in the population carries quite a substantial burden of asbestos fibres in their lungs, a burden derived from both indoor and outdoor ambient air.6 'o"' Absolute numbers vary, as usual, from laboratory to laboratory; in our hands the upper 95th percentile for the general population of Churg Vancouver is around 1 000 000 fibres of chrysotile, 1 000 000 fibres of tremolite, and 10 000 fibres of amosite plus crocidolite per g lung tissue.6 Assuming an average pair of dried normal lungs weighs 40 g, this translates to upper limits of 40 000 000 fibres each of chrysotile and tremolite and 400 000 fibres of amosite or crocidolite, numerically rather substantial values. Yet despite this fibre burden no epidemiological evidence exists to suggest that the general population suffers from any type of asbestos related disease.
A similar conclusion arises from examination of the lungs of long term residents of the chrysotile mining townships in eastern Quebec. Studies from two different laboratories 1214 have shown that persons living in the townships but never employed in the mining and milling industry none the less carry a five to 10-fold greater burden of chrysotile (and tremolite in some areas) than typical urban dwellers in North America. This burden is derived from ambient air contaminated by chrysotile mining activities and extensive chrysotile and tremolite in local soil and rocks; the ambient concentrations of chrysotile are several hundredfold greater than those seen in urban air or asbestos containing buildings.'5 But again epidemiological investigations have failed to find asbestos related disease in those who live in the townships but were never employed in the industry.'6 Thus clearly there is a burden of asbestos fibres that can be tolerated without the development of disease, and, at least for chrysotile and tremolite, this burden is considerably higher than most city dwellers in North America would ever carry. This point appears to be lost on those who advocate wholesale removal of chrysotile asbestos from public buildings.
Mineral analysis has also played a useful part in defining the types and degree of fibre burden that are associated with specific diseases in occupationally exposed populations3 4 1014 17 19-23 (see " and '9 for more detailed citations). This is a complex problem because most working populations have been exposed to both chrysotile and amphiboles, but the different biological properties of these two types of fibre make it critical to examine them separately to discern disease fibre burden relations. Indeed, one of the unexpected findings from mineral analysis has been the extent to which "chrysotile" factory workers and also man A futher conclusion starting to emerge from fibre burden studies is the dominant role of commercial amphibole in producing disease. As is evident in the table, the presence of heavy exposure to amphibole shifts the fibre burden-asbestosis-mesothelioma relation. What is not apparent from the above but is 
